The type of vision loss can lead to significant changes in a person's life, including a loss of independence, an inability to continue one's usual activities/hobbies, and increased social isolation due to decreased mobility and daily functioning. These factors are common for someone diagnosed with a chronic disease and are particularly typical in those with vision loss [5] , which explains the expected association of depression and AMD.
Several studies have reported a relationship between depression and AMD, with a higher prevalence of depression in AMD cases than in the general population [6] [7] [8] [9] . These studies are mostly from developed Western countries; we could not find any previous reports on the risk factors for depression in AMD patients in East Asian countries. Because many patients with AMD already have two major depression risk factors (advanced age and visual impairment), these covariates need to be carefully considered when evaluating depressive symptoms in this disease population.
Previously, we studied depression in Korean AMD patients before treatment with intravitreal ranibizumab injections [10] . The prevalence of depression in AMD was substantial and similar to previously reported rates. However, there were several methodological limitations. The study was a hospital-based pilot study with a limited sample size, and socioeconomic factors of the participants were not assessed.
Quality of life (QOL) in AMD patients was evaluated in several previous studies whose results indicated that the health-related and vision-related QOL were significantly associated with AMD [11] [12] [13] [14] . However, these studies are also mostly from developed Western countries; no studies have been conducted in East Asia, particularly in Korea.
Therefore, to identify depressive symptoms and QOL among Korean AMD patients and to also identify associated factors that predispose AMD patients to develop depression, we used the data acquired from the fifth Korea National Health and Nutritional Examination Survey V-2 (KNHANES V-2) performed to sample households that represent the entire nation of Korea in 2011.
Materials and Methods

Design and study population
The KNHANES is a nationwide population-based survey of the health and nutritional status of non-institutionalized Korean people. It began in 1998, and surveys were conducted in 1998, 2001, and 2005 , and also in 2007-2009 and 2010-2012 . A stratified, multi-stage, clustered probability design was used to select a representative sample of civilian, non-institutionalized Korean adults. The KN-HANES consists of three parts: (1) a Health Interview Survey, (2) a Health Examination Survey, and (3) a Nutritional Survey. The Health Interview Survey was administered to all study participants, but the Health Examination Survey and Nutritional Survey were administered to only approximately one-third of the participants who were randomly selected from those who completed the Health Interview Survey. In all, 8,518 individuals participated in the 2011 KNHANES V-2. For our analyses, 2,888 participants were excluded because they did not f inish the Health Interview Survey and/or the Health Examination Survey, and 3,790 were excluded because they were younger than 60 years. This left 1,840 people aged 60 years and older who finished the Health Interview Survey and the Health Examination Survey and were therefore eligible for our analyses (Fig. 1) . This survey was reviewed and approved by the institutional review board of the Korea Centers for Disease Control and Prevention (No. 2011-02CON-06-C), and all participants provided written informed consent.
Measurement
We collected data from the KNHANES V-2 database regarding various sociodemographic factors obtained through direct interviews using standardized questionnaires.
1) Depressive symptoms
In the KNHANES V (2010-2012), the depressive symptom group was defined as those who answered "yes" to the following question: "have you felt sorrow or despair that has affected your daily life for more than 2 weeks continuously during the past year? [15] ." This indicator has been previously used in other KNHANES V studies [16, 17] .
2) Demographic and health questionnaire
The education levels were divided into "elementary school or less," "less than middle school," "high school or less," and "some university." Family income was classified into quartiles. Chronic diseases included hypertension, stroke, ischemic heart disease, osteoarthritis, and diabetes. A participant was classified as having cancer if he or she had received at least one cancer diagnosis. Each disease was defined as "yes" if the participants answered positively to "did a doctor diagnose the disease?" so as to reduce errors from subjective self-diagnoses. Smoking status was classified as "current," "ex-smoker," and "never-smoker." Drinking frequency was classified into the following groups: "less than once per month," "1-4 times per month," and "more than twice per week."
For activities of daily living (ADL), "independent" was defined as a response of "no" to the question "do you have any disturbances in everyday life?" "dependent" was defined as an answer of "yes" to this same question. The respondents' perceived health was determined using the question "how is your health in general? is it very good, good, average, bad, or very bad?" The participants were dichotomized into two groups based on their answers: one group for those who responded "very good, good, or average" and another group for those who responded "bad or very bad." The EuroQol was used to evaluate the health-related QOL. The EuroQol consists of two parts: the health-status descriptive system (EQ-5D) and a visual analogue scale (EQ-VAS). The EQ-5D records the level of self-reported problems across five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) [18, 19] . Each of these dimensions is assessed using a single question with three response levels (no problems, some problems, and extreme problems). A single health index score was calculated from a combination of these items using the Korea valuation set developed by the Korea Centers for Disease Control and Prevention [20] . Scores on the EQ-5D index range from -0.171 to 1, where 1 indicates no problems in any of the five dimensions, zero indicates death, and negative values suggest a health status worse than death. Finally, the respondents described their own health status using a VAS ranging from 0 (worst imaginable health) to 100 (best imaginable health) [18] .
3) Ophthalmic examinations and definition of AMD
A digital non-mydriatic fundus camera (TRC-NW6S; Topcon, Tokyo, Japan) was used to obtain fundus photographs. For each participant, one 45° non-mydriatic digital retinal image centered on the fovea was taken per eye for a total of two images per person. The digital images were captured under physiological mydriasis. These images were graded twice (a preliminary grade and a detailed grade) using the grading protocol of the International Age-related Maculopathy Epidemiological Study Group [21] . Patients were defined as having early AMD if they met any of the following criteria: (1) the presence of soft indistinct drusen or reticular drusen or (2) the presence of hard or soft distinct drusen with pigmentary abnormalities (increased pigmentation or hypopigmentation of the retinal pigment epithelium) in the absence of signs of late AMD. Late AMD included the presence of signs of wet AMD or geographic atrophy. Wet AMD was defined as retinal pigment epithelial detachment or serous detachment of the sensory retina, subretinal or sub-RPE hemorrhages, and subretinal fibrous scars. Geographic atrophy was defined as a circular discrete area (at least 175 μm in diameter) of retinal depigmentation with visible choroidal vessels in the absence of signs of wet AMD.
The best-corrected visual acuity was measured at a distance of 4 m using an international standard vision chart based on the logarithm of the minimum angle of resolution (logMAR) scale (Jin's Vision Chart, Seoul, Korea) [22] . Vi-sual impairment was defined as a best-corrected visual acuity of 0.32 or worse in the best eye.
Statistical analysis
Descriptive statistical methods were used to describe the basic characteristics of the study population. Numbers and percentages were reported for each variable. The prevalence of depressive symptoms and the EuroQol indices in AMD patients versus non-AMD age-matched controls were estimated. Differences between those included in the analyses were assessed using the independent-samples t-test for continuous variables, such as age or visual acuity. For qualitative or categorical variables, such as educational status or gender, we used the chi-square test for analysis.
A two-step, multidimensional approach was used to identify the factors associated with depressive symptoms in AMD patients. First, to identify factors associated with depressive symptoms, odds ratios and 95% confidence intervals (CI) were calculated using univariate logistic regression analysis. Second, multivariate logistic regression was used to determine independent associated factors. All associated factors that were identified as affecting depressive symptoms by univariate analysis were included in the multivariate analysis to determine which factors were independently associated with depressive symptoms. All statistical tests were performed using PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA).
Results
The prevalence of depressive symptoms in Korean AMD patients Table 1 provides the baseline characteristics of the study 
Health-related QOL in Korean AMD patients
The mean EQ-5D index score was 0.853 for those with AMD and 0.874 for those without AMD ( p = 0.060). The mean EQ-VAS score was 67.34 for those with AMD and 69.28 for those without AMD ( p = 0.155). Both indices representing the health-related QOL were not significantly different between the two groups.
The percentages of participants who had problems with each scale of the EQ-5D index are shown in Fig. 2 . Patients with AMD were more likely to have difficulty with usual activities and to experience pain/discomfort than were controls without AMD. All other scales showed no significant difference between the two groups.
A comparison of characteristics according to depressive symptoms among AMD patients Table 2 provides a comparison of the characteristics between AMD patients both with and without depressive symptoms. Patients with depressive symptoms were more likely to be female than patients without depressive symptoms (75.4% vs. 58.0%, p = 0.010). Patients who reported depressive symptoms were more likely to be dependent on others for their ADL than patients without depressive symptoms (56.9% vs. 17.4%, p < 0.001). Those with depressive symptoms were also more likely to perceive their health as "bad" than patients without depressive symptoms (55.4% vs. 26.1%, p < 0.001). All EuroQol indices, including the EQ-5D and EQ-VAS, showed significant differenc- Fig. 2 . Distribution of perceived problem level in each dimension of the EQ-5D descriptive system for the age-related macular degeneration (AMD) and non-AMD groups. Significance level between patients both with and without AMD according to chi-square test. es between patients both with and without depressive symptoms. Other characteristics showed no significant differences between patients with and without depressive symptoms.
Factors associated with depressive symptoms in Korean AMD patients Table 3 shows the factors associated with depressive symptoms in Korean AMD patients. Univariate logistic regression analysis determined that gender, dependency in ADL, perceived health status, and some EuroQol indices were significantly associated with depressive symptoms in Korean AMD patients. Multivariate logistic regression analysis (reported as adjusted odds ratio [aORs]) identified that gender, dependency in ADL, and having "some problems" on the "anxiety/depression" dimension of the EQ-5D were significantly and independently associated with depressive symptoms in Korean AMD patients. The results indicated a relationship between gender and depressive symptoms in Korean AMD patients: women were more likely to have depressive symptoms than men (aOR, 1.96; 95% CI, 1.017 to 3.787). Participants who were in the ADL "dependent" group were more likely to report depressive symptoms than participants who were in the ADL "independent" group (aOR, 4.792; 95% CI, 2.493 to 9.211). Participants with "some problems" on the "anxiety/depression" dimension of the EQ-5D were more likely to have depressive symptoms than participants reporting "no problems" on the "anxiety/depression" dimension of the EQ- Values are presented as number (%) or mean ± standard deviation. AMD = age-related macular degeneration; IHD = ischemic heart disease; ADL = activities of daily living; logMAR = logarithm of the minimum angle of resolution. AMD = age-related macular degeneration; OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio; IHD = ischemic heart disease; ADL = activities of daily living; logMAR = logarithm of the minimum angle of resolution; NS = not significant.
*
All associated factors that were identified as affecting depressive symptoms by univariate analysis were included in the multivariate analysis; † p-value <0.05.
5D. Other factors showed no significant association with depressive symptoms in Korean AMD patients.
Discussion
Using data acquired from the 2011 KNHANES V-2 nationally representative survey, we determined that the prevalence of depressive symptoms in Korean AMD patients was 19.8%. We observed that the incidence of depressive symptoms in AMD patients was higher than that of non-AMD aging controls (19.8% vs. 14.4%, p = 0.013). This finding is consistent with several previous epidemiologic studies that have suggested that the prevalence of depression is higher in patients with AMD than in non-institutionalized older persons, whose rate of depression ranges between 8% and 16% [23] . The prevalence of depression in the geriatric population in Korea is generally within the range of 4.2% to 13.3% [24, 25] . However, the incidence of depression in the Korean population in the present study was slightly lower than that identified by previous studies in other populations (32.5%-33.0% in the United States [7, 9] , 21.3% in Canada [8] , and 26.4% in India [6] ). This finding may be partially explained by differences in the study designs and the population samples. Comparing the prevalence of depressive symptoms between different studies is often difficult because the study populations, depressive symptom measurement techniques, study methodologies, and definitions of depression are different. The present study was open to all patients with AMD in the community, and early AMD was included; other reports have limited their sample to patients recently diagnosed in outpatient retina clinics [8] , those with a reduced baseline visual acuity [9] , or patients who have suffered acute vision loss [7] .
We also identified female gender, being in the ADL "dependent" group, and having "some problems" on the "anxiety/depression" dimension of the EQ-5D as independent associated factors for depressive symptoms in AMD patients.
Generally, the interrelationship between gender and depressive symptoms is well known. The prevalence of depression in Korea is significantly higher in women than in men [26] . However, previous studies of depression in AMD patients from Western populations have reported that gender is not significantly associated with depression in AMD patients [7] [8] [9] . Racial/ethnic differences between East Asian and Western populations may explain these disparate results.
In the present study, dependency in ADL was associated with a four-fold increase in the odds of depressive symptoms in AMD. This finding may be partially explained by the fact that a loss of vision can significantly disrupt daily life or social activity. The results of the EuroQol support this hypothesis, which showed that AMD patients were more likely to have problems with usual activities and to experience pain/discomfort than non-AMD controls. These results suggest that simply asking AMD patients about difficulty with ADL during ophthalmologic evaluations can be a valuable screening technique to identify patients at risk of depressive symptoms.
Our previous study indicated that increasing age was the most important factor associated with depression in patients with late AMD treated with intravitreal ranibizumab [10] . However, in the present population-based study, increasing age was not significantly associated with depressive symptoms in Korean AMD patients. Therefore, this finding was inconsistent with previous results. This discrepancy may be explained by differences in the study designs. The present study included early AMD as well as late AMD, whereas the previous study limited the sample to late AMD patients who had been treated with intravitreal ranibizumab. According to a previous epidemiologic study in Korea, the mean age of early AMD patients also tends to be younger than that of late AMD patients, which might have also affected the results [4] .
In the current study, we expected that ophthalmic factors, including visual acuity and AMD grade, would show a strong association with depressive symptoms in AMD patients. However, the results revealed non-significant relationships between these ophthalmic factors and depressive symptoms. Previous studies have reported conflicting results with regard to visual acuity. In the literature, two studies found weak or non-significant correlations between visual acuity and depression [7, 9] , while two other reports concluded that visual acuity is an important determinant of depression [6, 8] . This discrepancy may be due to differences in the sample selection process. Grade of AMD (early or late) was also not significantly associated with depressive symptoms in the present study. According to previous studies that compared Asian and Western populations, the prevalence of late AMD in Asians was compara-ble with that reported for Western patients, but early AMD was less common among Asians [3, 4] . This racial/ethnic difference needs to be considered when interpreting these results.
To determine if the associations between female gender and dependency in ADL with depressive symptoms were specific to patients with AMD, we additionally performed a multivariate logistic regression analysis of non-AMD patients and found similar associations. Female gender and dependency in ADL were also associated with depressive symptoms in non-AMD patients (aOR, 1.785; 95% CI, 1.298 to 2.456; aOR, 2.250; 95% CI, 1.619 to 3.126, respectively).
Although these factors were not specific only in AMD patients, the results of our study can be valuable. When ophthalmologists encounter AMD patients with these associated factors, there should be more careful consideration of any depressive symptoms that may be present. Additionally, it is important to recognize that all AMD patients, regardless of the stage and degree of visual acuity, are at risk for difficulty with ADL and therefore an increased incidence of depressive symptoms. Therefore, all AMD patients should be screened for both ADL and depressive symptoms.
In the current study, health-related QOL showed no difference between AMD patients and non-AMD controls. Although general health-related QOL assessments provide a good hallmark for comparison of QOL across diseases, instruments developed specifically to measure vision-specific QOL may provide improved accuracy for assessing the impact of vision-threatening disease [11] [12] [13] [14] . Future population-based studies using vision-specific QOL instruments are needed to investigate QOL in AMD patients.
When the current study began, we expected that a poor QOL (lower EQ-5D and EQ-VAS scores) would show a strong association with depressive symptoms in AMD patients. A simple comparison in AMD patients revealed significant differences for all EuroQol indices between people both with and without depressive symptoms. However, multivariate regression showed that only the "anxiety/depression" dimension of the EQ-5D was significantly associated with depressive symptoms. The indices representing comprehensive health-related QOL and the EQ-VAS and EQ-5D did not show a significant association with depressive symptoms. However, when the QOL as assessed by the "anxiety/depression" dimension was poor, the possibility of having depressive symptoms increased. This result could be because the question used to identify the depressive symptom group and the one used for the EQ-5D ("anxiety/depression") were similar. This aspect might also serve to explore a possible association between AMD and depression and to increase the statistical power of our study.
Depression and AMD must be handled comprehensively, not separately, as one can affect another. These conditions should be treated as a context within the larger framework of comorbid depression with chronic illness.
Comorbid depression can lead to increased morbidity of AMD as it compounds the disability resulting from vision loss and may even impact a patient's ability to seek out appropriate care. Several studies have shown that depression is linked to increased disease-related morbidity and mortality. This has been particularly well studied with chronic illness; depression has been shown to be clearly associated with a poorer prognosis and more rapid progression of chronic illnesses [27] [28] [29] . In ischemic heart disease and diabetes, physiologic changes may occur that are affected by depression and can increase morbidity in addition to decreased treatment adherence and mobility and increased substance abuse [27, 28] .
In addition, although these patients are at greater risk than the general population, having a chronic illness may actually make it less likely that providers will screen for depression given the demands of chronic illness management and coordination of care.
Furthermore, treating depression might change the outcomes of AMD. It was previously reported that a mental health intervention for patients with AMD halved the incidence of depression compared to those receiving standard treatment for AMD [30] .
Our study had several limitations. First, AMD was diagnosed using fundus photography alone in the present study; no other ophthalmic examination method, including fluorescein angiography or optical coherence tomography, was carried out because of the nature of this large population-based survey. In the future, we will be able to assess ophthalmic risk factors in more detail and identify their specific effects on depressive symptoms by incorporating data from other ophthalmic examinations into our study. Second, a single question was provided to measure the degree of depressive symptoms instead of established depression questionnaire tools, so the accuracy of our responses could be limited. Further, this one question provided little information regarding the degree of severity of the depression or its relationship with the severity of AMD and level of dependency. However, the question "do you often feel sad or depressed?" showed a sensitivity of 86%, a specificity of 78%, and positive predictive and negative predictive values of 82% in previous studies, so the error is likely small [31] . Third, the screening for ADL was carried out with just a yes or no answer, and the question appears relatively non-specific. The question does not indicate the degree of dependency on ADL because there is likely variability in what individuals consider "disturbances" in everyday life. Fourth, since this was a cross-sectional study, a causal relationship could not be defined. Fifth, the possible influence of treatment with intravitreal anti-vascular endothelial growth factor injection for AMD and anti-depressants for depression was not considered. These factors could be used as covariates in a future multivariate analysis.
Despite these limitations, this study used representative nationwide, population-based data to determine the prevalence of depressive symptoms in Korean AMD patients. The current study was the first population-based study to evaluate depression and QOL in Korean AMD patients. Because the social, cultural, and racial/ethnic characteristics of Korean AMD patients may be different from those in Western countries, our evaluation of depression and QOL in Korean AMD patients is valuable. Our study indicated that female gender and dependency in ADL were the most important associated factors for depressive symptoms in Korean AMD patients. Ophthalmologists may consider using these findings to determine which patients should undergo further evaluation and treatment for depression, such as neuropsychiatric support.
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